The results reveal that for all tested strains, gastric emptying (above pH 3.0) would 8 release a large number of viable cells ranging from 91% for L. paracasei to 53% for S. 9 thermophilus into the intestinal tract, and that between 12%-23% of them subsequently 10 survive intestinal stress. Among them L. paracasei showed the highest resistance to 11 gastric stress. All the bacteria adhered to the Caco-2 cell line, with the highest adhesions 12 being observed for L. delbrueckii subsp. bulgaricus (9%) and L. acidophilus (7%). 13
Probiotics are defined as live micro-organisms which, when administered in 21 adequate amounts, confer a health benefit to the host [1] . There is clinical evidence that 22 supports the health-promoting characteristics of Lactobacillus and Bifidobacterium spp, 23 which are often included in fermented milk products [2] . However, the minimum 24 amounts of probiotics needed to obtain a clinical effect have not been established. As 25 more information on probiotics becomes available, it seems likely that these amounts 26 will vary as a function of the strain and the health effect desired [3] , and of the 27 probiotic´s capability to display specific responses at various sites along the intestine 28
[4]. Probiotic product specifications require strains to be designated individually, 29 appropriately classified as to species, and retain an acceptable viable count at the end of 30 their shelf life in the designated product formulation [1] . The CODEX standard for 31 fermented milks [5] establishes that the minimum counts of these micro-organisms at 32 the time of consumption should be 10 6 cfu g -1 [5] . In addition to their ability to survive 33 in the product, many criteria have been suggested for the selection of probiotics, among 34 them the tolerance of gastrointestinal conditions (acid and bile) and ability to adhere to 35 intestinal mucosa. Bacterial viability is reduced along the entire tract, but it is apparent 36 that the acidic environment of the stomach and the presence of bile in the duodenum are 37 the major factors affecting viability [6] . In vivo studies are too complex to be used for 38 high throughput screening of bacteria viability. Several studies have been reported by 39 other authors about the viability cell after simulated gastrointestinal tract conditions [7, 40 8] . Therefore, several in vitro multi-compartmental models, which simulate different 41 parts of the human gastrointestinal tract, have been developed to study the survival rate 42 of potential probiotic strains. Among them Mainville et al. [9] recently developed a 43 dynamic in vitro model simulating the events of food ingestion and digestion, allowing 44 the addition of a food matrix before or along with the probiotic strain to be tested. developed [12, 13] . Thus, the combined use of SYTO9 and propidium iodide 52 fluorescent dyes allows the differential staining of the nucleic acids of intact cells and of 53 those with compromised membranes, though there has been some debate as to the 54 efficacy of these methods in complex matrices. Nevertheless, they have been 55 successfully used for detection of probiotic bacteria [14; 12] and lactic acid bacteria 56 (LAB) [15] in a food matrix. 57
Adhesion to intestinal mucosa is also regarded as a prerequisite for probiotic 58 micro-organisms, allowing possible colonization of the intestinal tract [16] . The 59 difficulties of studying bacterial adhesion in vivo, have led to the development of in 60 vitro model systems for the preliminary studies of adherent strains [17] . These models 61 are based on adhesion to tissue culture cell lines such as Caco-2 and HT-29, which 62 differentiate and closely resemble the enterocytes of human small intestine, and to 63 human intestinal mucus [18] . Adhesion is affected by many factors such resident flora 64 in the gastrointestinal tract, pH, growth phase of the bacteria, density of the bacterial 65 suspension, intensity of washing out the unbound cells, etc. [19] . Furthermore, the 66 adhesion capacity may be correlated with transient colonization of intestinal cells, 67 which could be a factor for their immunomodulation by probiotics [20] . It is well known 68 that one of the potential benefits of probiotic therapy is the suppression of the 69 inflammatory process [21, 22] . The secretion of the pro-inflammatory cytokines such as 70 IL-6 and IL8 is therefore a hallmark of the inflammatory response in the intestine [23] . 71 For adhesion experiments, bacteria were grown until they reached the late 102 exponential phase and they were sedimented as described above. Then, they were 103 resuspended in the appropriate volume of Dulbecco´s modified Eagle medium (DMEM, 104 Invitrogen) to give 1.25×10 6 cfu mL -1 . 105
106

Gastric and gastrointestinal transit tolerance assay 107
The gastrointestinal tract model is depicted schematically in Fig. 1 . The 108 experiments were performed in triplicate; three independent cultures of each bacterium 109 were analyzed as follows. Milk-cell suspensions were prepared as described above and 110 samples of 2.5 mL were withdrawn prior (sample G1, untreated control) or after 111 (samples G2 through G7) the indicated treatments to determine cell survival by the tests 112 described below. The gastric and gastrointestinal solutions were prepared fresh daily 113 according to the protocols described by Marteau et was added to 22.5 mL of cell suspension. An aliquot was withdrawn (control G1) and 117 then lysozyme (Sigma-Aldrich, Chemie Gmbh P.O. Steinheim, Germany) was added to 118
give a final concentration of 0.01%. To simulate the gastric environment, 3 mL of 119 electrolyte solution containing 0.3% pepsin (final concentration) (Sigma-Aldrich) at pH 120 5.0 was added to the cell suspension and an aliquot was taken without further incubation 121 (sample G2). Then, the pH curve in the stomach was reproduced by adding 1 M HCl 122 (Merck) to the cell suspension, at an initial pH of 5.0 which was then decreased to 4.1 ,21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 L. paracasei is depicted in Fig. S1 ). 173
To automatically correct for possible pipetting errors, the ratio of green and red 174 fluorescences obtained for control cells G1 was considered as 100% and the change in 175 for the GI-stress experiments, the Green/Red ratios for samples G3, G4 and G5 were 177 considered as 100% and changes in these ratios was used to calculate the viability in 178 samples GI3, GI4 and GI5. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Results
218
The tolerance to digestive tract stress of three probiotic bacteria and the two 219 yoghurt strains that constitute the microbiota of a commercial synbiotic product 220 (Synbiotic Drink) was investigated. Bacteria, included in skim milk acidified at pH 4.6, 221
were incubated in conditions that simulated the major factors influencing the survival of 222 the ingested micro-organisms during their passage through the gastrointestinal tract 223 (Fig. 1) . We have considered three relevant factors, the effect of lysozyme, the influence 224 of acid pH values with pepsin (gastric stress, G-stress) and the further action of bile salts 225 and pancreatin (intestinal stress, GI-stress), simulating successive gastric delivery of 226 bacteria to the intestine during digestion [6] . These analyses were performed using 227 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 of the strains (sample G2 versus control sample G1). Under these conditions, no 241 significant reduction of plate counts was observed for any of the bacteria, and only a 242 30% reduction of the Green/Red ratio was detected in the S. thermophilus suspension 243 (Fig. 2) . Exposure of cell suspensions to decreasing pHs (5.0, 4.1, and 3.0) and further 244 incubation for 20 min at 37° C (samples G3, G4, and G5), caused a slight but 245 progressive reduction of viability in the yoghurt strains (Fig. 2) . After incubation at pH 246 3.0 (sample G5), the percentage of Green/Red ratio remained higher than 80% for L. 247 paracasei and L. acidophilus, whereas it decreased to 55%, 66%, and 72% for S. 248 thermophilus, L. delbrueckii subsp. bulgaricus, and B. lactis respectively. These 249 decreases correlated approximately with reductions in plate counts to 17%, 33 % and 250 67% of the values of control untreated cells (Fig. 2) . When the simulated G-stress was 251 set at pH 2.1 (sample G6), all the strains except L. acidophilus, showed a sharp 252 reduction of the Green/Red ratio (86-76% loss of viability) (Fig. 2) . Similarly, the Therefore, to evaluate the transit tolerance of strains in conditions simulating the 262 duodenal, aliquots taken from G3, G4 and G5 where further incubated with 0.45% bile 263 salts and 0.1% pancreatin. Table 1 and Table S1 show comparative results of resistance 264 to G and GI-stress. In general, the reduction of plate counts caused by duodenal 265 secretions could be correlated with the degree of severity of the previous gastric 266 incubation of cell suspensions. The highest sensitivity to the simulated intestinal stress 267 was found for B. lactis, with a drastic reduction of survival (4.4 log units decrease, 268 Table 1 ) even after G-stress at pH 5.0. This loss of capability to form colonies was also 269 associated with reduction of the Green/Red ratio to 12% of those of the delivered cells 270 (Table S1 ). By contrast, L. acidophilus, with a cell survival of 64% after gastric 271 treatment at pH 3.0, as measured by plate colony counts, was not further affected by 272 intestinal stress (Tables 1 and S1 ). These results correlated with its high survival rate 273 observed at low pH values (Fig. 2) . However, this was not in strict agreement with the 274 Green/Red ratio, which decreased from 88% (G5) to 18% (GI5) under these 275 gastrointestinal stress conditions (Table S1) . Surprisingly, S. thermophilus showed a 276 good rate of survival to intestinal stress even after previous gastric exposure to pH 3.0 277 with a reduction of 2.4 log-units (Table 1) , corresponding to a 3% growth ability and a 278 23% viability of the cells surviving G-stress (Tables 1 and S1) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table  285 2), but these were not modulated by any of the strains tested (Table 2) Fermented milks are a widely used vehicle for delivering probiotic bacteria in food. 294
Strains of L. acidophilus, L. casei group and B. lactis predominate in commercial 295
probiotic products [28, 29] . In this work, we have analyzed three strains of the 296 aforementioned species and two yogurt strains for their sensitivity to digestive tract 297 conditions, and their ability to interact with human intestinal cells. 298
To assess the resistance of these strains to GI-stress, we have studied their in vitro 299 survival under conditions that simulated the normal physiological conditions of the GI 300 tract, such as the presence of lysozyme and pepsin, sequential gastric emptyings at 301 increasingly lower pH values, and the presence of bile salts and pancreatin. In addition, 302
we have analyzed the applicability of a microplate fluorochrome assay as a rapid 303 assessment of bacterial viability. This test has been previously used for analysis of 304 bacterial viability in probiotic preparations and dairy products [14, 30, 27 , 15] as well as 305 Strain survival estimated by fluorescence or by plate counts behaved generally in a 310 similar manner after G-stress (Fig. 2) . However, after GI-stress two different behaviours 311 were observed. In the case of L. acidophilus, a higher cell recovery was detected by 312 plate counts than by fluorescent measurements whereas, for the other four bacterial 313 strains analyzed, the cell survival detected by fluorescent measurements was higher than 314 that observed by plate count (Tables 1 and S1 ). A survival rate that is higher when 315 measured by Green/Red fluorescence ratio, than when measured by plate colony 316 counting is normally indicative that a proportion of the cells are still viable but not 317 readily cultivable (e.g. L. rhamnosus strains subjected to acid and bile salt stress only 318 yielded countable colonies after 168 h of incubation [32]) An addition explication 319 would be that the GI-stress conditions provoke the formation of chains of cells or cell 320 clumping; each chain or clump would only give rise to single colony on plate counts but 321 would still be correctly enumerated by fluorescence. The possibility that high 322 fluorescence measurements could be due to non-specific staining of residual caseins 323 present in the samples was investigated by confocal microscopy which showed that for 324 all strains tested only the bacteria were stained by SYTO9 or propidum iodide (Fig. 4) . 325
As expected, green (viable) cells were predominant in untreated cultures, whereas red 326 (non-viable) cells were in the majority in suspensions subjected to gastrointestinal 327 (Fig. 2) ; but that above this value 335 significant numbers of viable bacteria reach the intestine from the gastric content. 336
It has been proposed that damage of bacterial cell envelope by low pH could make 337 the cells more susceptible to bile action on cell membranes [35] . The analysis of GI-338 stress performed here showed that indeed bacterial suspensions sublethally damaged by 339 acid stress at pH 3, were more sensitive to intestinal secretions than those exposed to pH 340 5 (Table 1 to Caco-2 cells. In this study, we have detected that the five strains studied have 366 different adherence to Caco-2 cells (Fig. 3) . However, none of the strains, including B. 367 lactis Bb-12, exhibited the undesired property of inducing either IL-6 or IL-8 (Table 2) . 368
The combination of S. thermophilus and L. delbrueckii subsp. bulgaricus is widely 369 used as a starter for the production of yoghurt. L. delbrueckii subsp. bulgaricus LBY-27 370 and .S. thermophilus STY-31 strains showed relatively high levels of adhesion to Caco-371 2 cells, whereas L. paracasei susbp. paracasei LC-01 displayed a lower adhesion. (Fig.  372   3) . Values approximately ten fold higher have been observed for L. paracasei susbp. 373 paracasei strains ACA-DC221,333 and 3335 [43] . 374
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